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Ų A1 ROSʀɵ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B) 経時寿命   
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TF II H 
Ų A5 ĳ˭̳ȼ NERʼ̑ȫ˲ 










Anderson RM, Shanmuganayagam D, Weindruch R (2009) Caloric Restriction and Aging: 
Studies in Mice and Monkeys. Toxicol Pathol 37: 47-51. 
Bauer NC, Corbett AH, Doetsch PW (2015) The current state of eukaryotic DNA base damage 
and repair. Nucleic Acids Res 43: 10083-101. 
Chellappa K & Baur JA (2013) ːŇlr mTORʼ̑ Ɯ͠ŉƘ 31: 3209-16. 
Chen BR & Runge KW (2009) A new Schizosaccharomyces pombe chronological lifespan assay 
reveals that caloric restriction promotes efficient cell cycle exit and extends longevity. Exp 
gerontol 44: 493-502. 
Clancy DJ, Gems D, Harshman LG, Oldham S, Stocker H, Hafen E, Leevers SJ, Partridge L 
(2001) Extension of life-span by loss of CHICO, a Drosophila insulin receptor substrate 
protein. Science 292:104-6. 
Colman RJ, Anderson RM, Johnson SC, Kastman EK, Kosmatka KJ, Beasley TM, Allison DB, 
Cruzen C, Simmons HA, Kemnitz JW, Weindruch R (2009) Caloric restriction delays 
disease onset and mortality in rhesus monkeys. Science 325: 201-4. 
Costello G, Rodgers L, Beach D (1986) Fission yeast enters the stationary phase Go state from 
either mitotic G1 or G2. Curr Genet 11: 119-25. 
Douzery EJP, Snell EA, Bapteste E, Delsuc F, Philippe H (2004) The timing of eukaryotic 
evolution: does a relaxed molecular clock reconcile proteins and fossils? Proc Natl Acad 
Sci USA 101: 15386-91. 
Fontana L, Partridge L, Longo VD (2010) Dietary Restriction, Growth Factors and Aging: from 
yeast to humans Science 328: 321-6. 
Grandison RC, Piper MD, Partridge L (2009) Amino acid imbalance explains extension of 
lifespan by dietary restriction in Drosophila. Nature 462: 1061-4. 
Hansen M, Taubert S, Crawford D, Libina N, Lee SJ, Kenyon C (2007) Lifespan extension by 
conditions that inhibit translation in Caenorhabditis elegans. Aging Cell 6: 95-110. 
Holzenberger M, Dupont J, Ducos B, Leneuve P, Géloën A, Even PC, Cervera P, Le Bouc Y 
(2003) IGF-1 receptor regulates lifespan and resistance to oxidative stress in mice. Nature 
421:182-7. 
 ]]
Imai S (2009) SIRT1 and Caloric Restriction: An Insight Into Possible Trade- Offs Between 
Robustness and Frailty. Curr Opin Clin Nutr Metab Care 12: 350-6. 
Imai S & Guarente L (2010) 10 Years of NAD-Dependent SIR2 Family Deacetylases– 
Implications for Metabolic Diseases. Trends Pharmacol Sci 31: 212-20. 
Ito H, Oshiro T, Fujita Y, Kubota S, Naito C, Ohtsuka H, Murakami H, Aiba H (2010) Pma1, a 
P-type proton ATPase, is a determinant of chronological life span in fission yeast. J Biol 
Chem 285: 34616-20. 
Kaeberlein M, Powers RW 3rd, Steffen KK, Westman EA, Hu D, Dang N, Kerr EO, Kirkland 
KT, Fields S, Kennedy BK (2005) Regulation of yeast replicative life span by TOR and 
Sch9 in response to nutrients. Science 310:1193-6. 
Kanamitsu K & Ikeda S (2010) Early steps in the DNA base excision repair pathway of a fission 
yeast Schizosaccharomyces pombe. J Nucleic Acids Article ID 450926: 9 pages. 
Kapahi P, Zid BM, Harper T, Koslover D, Sapin V, Benzer S (2004) Regulation of Lifespan in 
Drosophila by Modulation of Genes in the TOR Signaling Pathway. Curr Biol 14: 885-90. 
Kenyon C, Chang J, Gensch E, Rudner A, Tabtiang R (1993) A C. elegans mutant that lives 
twice as long as wild type. Nature 366: 461-4. 
Longo VD, Shadel GS, Kaeberlein M, Kennedy B (2012) Replicative and chronological aging in 
Saccharomyces cerevisiae. Cell Metab 16: 18-31. 
Melis JP, van Steeg H, Luijten M (2013) Oxidative DNA Damage and Nucleotide Excision 
Repair. Antioxidants & Redox Signaling 18: 2409-19. 
Mutoh N & Kitajima S (2007) Accelerated chronological aging of a mutant fission yeast 
deficient in both glutathione and superoxide dismutase having cu and zn as cofactors and 
its enhancement by sir2 deficiency. Biosci Biotechnol Biochem 71: 2841-4. 
Naegeli H & Sugasawa K (2011) The Xeroderma Pigmentosum Pathway: Decision Tree 
Analysis of DNA Quality. DNA Repair 10: 673-83. 
Ohtsuka H, Ogawa S, Kawamura H, Sakai E, Ichinose K, Murakami H, Aiba H (2013) 
Screening for long- lived genes identifies Oga1, a guanine-quadruplex associated protein 
that affects the chronological lifespan of the fission yeast Schizosaccharomyces pombe. 
Mol Genet Genomics 288: 285-95. 
 ]]
Pan KZ, Palter JE, Rogers AN, Olsen A, Chen D, Lithgow GJ, Kapahi P (2007) Inhibition of 
mRNA translation extends lifespan in Caenorhabditis elegans. Aging Cell 1: 111-9. 
Powers RW 3rd, Kaeberlein M, Caldwell SD, Kennedy BK, Fields S (2006) Extension of 
chronological life span in yeast by decreased TOR pathway signaling. GENES DEV 20: 
174-84. 
Roux AE, Quissac A, Chartrand P, Ferbeyre G, Rokeach LA (2006) Regulation of chronological 
aging in Schizosaccharomyces pombe by the protein kinases Pka1 and Sck2. Aging Cell 5: 
345–57. 
Roux AE, Leroux A, Alaamery MA, Hoffman CS, Chartrand P, Ferbeyre G, Rokeach LA (2009) 
Pro-aging effects of glucose signaling through a G protein-coupled glucose receptor in 
fission yeast. PLoS genetics 5: e1000408. 
Roux AE, Chartrand P, Ferbeyre G, Rokeach LA (2010) Fission yeast and other yeasts as 
emergent models to unravel cellular aging in eukaryotes. J Gerontol A Biol Sci Med Sci 
65: 1-8. 
Selman C, Tullet JM, Wieser D, Irvine E, Lingard SJ, Choudhury AI, Claret M, Al-Qassab H, 
Carmignac D, Ramadani F, Woods A, Robinson IC, Schuster E, Batterham RL, Kozma SC, 
Thomas G, Carling D, Okkenhaug K, Thornton JM, Partridge L, Gems D, Withers DJ 
(2009) Ribosomal protein S6 kinase 1 signaling regulates mammalian lifespan. Science 
326: 140-4. 
Sinclair DA & Guarente L (1997) Extrachromosomal rDNA Circles-A Cause of Aging in Yeast. 
Cell 91: 1033-42 
Sipiczki M (2004) Fission yeast phylogenesis and evolution. In Egel R (Ed.) The molecular 
biology of Schizosaccharomyces pombe. pp 431-43. Springer 
Smith ED, Kaeberlein TL, Lydum BT, Sager J, Welton KL, Kennedy BK, Kaeberlein M. (2008) 
Age- and calorie-independent life span extension from dietary restriction by bacterial 
deprivation in Caenorhabditis elegans. BMC Dev Biol 8: 49. 
Vellai T, Takacs-Vellai K, Zhang Y, Kovacs AL, Orosz L, Müller F (2003) Genetics: influence 
of TOR kinase on lifespan in C. elegans. Nature 426: 620. 
 ]]
Wei M, Fabrizio P, Hu J, Ge H, Cheng C, Li L, Longo VD (2008) Life span extension by calorie 
restriction depends on Rim15 and transcription factors downstream of Ras/PKA, Tor, and 
Sch9. PLoS Genet 4: e13. 
Zuin A, Carmona M, Morales Ivorra I, Gabrielli N, Vivancos AP, Ayte J, Hidalgo E (2010) 
Lifespan extension by calorie restriction relies on the Sty1 MAP kinase stress pathway. 
EMBO J 29: 981-91. 
ýùʉè̯^Ş̷ʴˆ (2013) ːŇæƥŧ³¤§å¶ Ɯ͠ŉƘ ƃĵ 31Ƶ 20ś 
ʏùʇȄ ï^Ʈʇ˼ˆͥ 2014  ͦːŇɵɫƘU|ĳƕÚªÅ·Ùmƥŧǁ̾ Ň
Ƙşü 
Ȧȏɐö̯ (2013) ¤å¶áåæIGF-1´¯ÄâːŇæƥŧĻǎ Ɯ͠ŉƘ 31: 3194-9. 


















_'ɵǢ̴Ňʂáå̴Ňlr˱ŝČ !!!  ) ³¤®â̐ttnʍ
iͥȌ̚˃̃ :7@2I7;7D _ͦy^˯̳ʷ )ŦÞÍ¬




^ɵČ͢ĳƕĢƞìkͥŲ  _ͦĒk^t *'+ ØÂ²åÃá
¢ & ¼åË®̎^˙̎ǴĢìk^tn˧ʞytØÂ²åÃá¢
ȱ˘əƩv{_ÌÂØÂ²åÃá¢̭Ćƕɾȭ`ɽǛːŇnǃo
̐tvͥŲ  _ͦɵɫ *'+ ǴĢ̈́q~^ʹ˗Įȭ`Ǧ̴Ň̳ʷ


Ų B1 ØÂ²åÃá¢ DNA (mtDNA)ǴĢĚǏ 
 A) SOD2ȲǴɵČ͢ĳƕ̴ŇǴĢǃo̐y_ B) ROSmtDNA






















ǩi_v^̮ĥŸ¯â¼¾©åͥ+ ͦÍ¼Øå  ċĳƕŇŝɫ
 *'+ ͉őyģonh_
 +'  '̴̦Ňɀʷͥ 'ͦëŷŇy_ɵx~  'ª¼àç¹Óâ©¬´
½ç¹Ďɷɀĳ˷vɥȽŇvͥD;6AH;5: _ͦƉpʊȢɵɫ
ɍǙîǒ̹ƭʹ˗ĮƬŵɻ +' ǩi_G2@ ɍǙîǒǩʹ˗̎
Ɨŵy G2@+'ͥ+'ͦ %@ ǩØÂ²åÃá¢Ƭŵy %@+'ͥ+'ͦ
h_+' ƬŵnØÂ²åÃá¢͇Ƭvit Ȓ^̳ʷnØÂ²åÃá
¢ʀɵw~ 'ðȯʂy̳ʷhtʔy_+' nƇɻyt^Ì
Âȭ`ɾȿnǃo̐tv_Ēk +^' ƉŸͪŸʰƫɾͥ &A?;K3?3' 	
ͦǒʧɿͥ ;DA;' 	ͦ̣́y_~^ʗʼƇǙɽǛËç¬åº
åɾ +'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ED0665 h– ade6-M210 leu1-32 ura4-D18 ATCC No. 96993 
sod2∆ h ade6-M210 leu1-32 ura4-D18 sod2::kanMX6 Kiuchi et al. (2010) 
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Ų B2 SOD2ʀɲÑà¶ØÃĎ˰ 
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w~_ŜɢƾǴĢĽŢ  YEơƋŻŶ^Ƴm 3 x 104  ^ 3 x 103^3 x 
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Ų B4 sod2∆§¼ÈçâǞŘǙƤy̮ĥĽǈ͗ 
 WT sod2∆ 0.5% yeast extract^0.1%¯â²ç¶lŜɢƾ§¼È
çâ¢¶²âÍå̴ŢơƋŻŶ^Ƴm 3 x 104^ 3 x 103^3 x 102  ^
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Ų B5 ĳ˭̳ȼ sod2∆ CLS  
 WT s^od2∆l sod2∆+SOD2|}ͩȒz YEɓČŻŶȦˤw^
ȓǾȀɉǌ CLSɚƛw~_A) WT^sod2∆l sod2∆+SOD2
Ǣ̾Ȋ˅_B) WT s^od2∆l sod2∆+SOD2ɵƗɱ_ŜŻ͟ȁǻlr
ˤɓ´Üçã 3ȘȦˤw^²äÅçǻ˹ɚw~_ɵƗɱƺŷĝȯɜ
Ğƴʔw~ͥn=3ͦ_ 



































Ų B6 ĳ˭̳ȼʹ˗lr ROSʀɵ 
 WT^sod2∆l sod2∆+SOD2 YEɓČŻŶ 1ȁŻ͟w~ǋ^DHE
 ROSȜˢw^˪ħ͜Ǒ̽˶Ƣw~_WTȄ˴̷Śê¶°çâÊç
ʔw~_ 
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Ų B8 ƛƸȎlr sod2∆ DNAǿɪŇ 













































Ų B9 ƛƸȎlr±ÈÙ DNAʠɦƇɻɱ 























































A)  B) 
Ų B10 ƛƸȎlr sod2∆¼åË®̎ĳ˷ 
 A) WT sod2∆řɝǙ¼åË®̎ǧĲw^12.5%±â SDS-PAGE
˫~_ɋņw~¼åË®̸̎İʊêʔw~_ÑäÀ¤å×çªçͥ Mͦ
 4ȁʆǧĲw~WT¼åË®̎ͥPͦşȇɎw~_B) ƛƸȎͥ6
ȁʆ ͦlr sod2∆¼åË®̎ĳ˷n SOD2ʀɲʈ˯vt
̅~_ 
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Ų B11 ɍǙȜˢ SODɍǙ 
 WT¼åË®̎ʼȇʂǧĲw^ȓǾȀɉǌɍǙȜˢ
SOD1l SOD2ɍǙɚƛw~_ɋņw~¼åË®̸̎ 50 Mg_ 
SOD1 
SOD2 
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Ų B12 RT-PCR SOD̭Ćƕʀɲ 






























Ų B13 sod2∆ CLSªäáçĻ͇ǈ͗ 
 0.3%~ 3%¯â²ç¶Ţ YEŻŶ sod2∆Ż͟w C^LSɚƛw
~_ŜŻ͟ȁǻlrˤɓ´Üçã 3ȘȦˤw ²^äÅçǻ˹ɚw~_
ɵƗɱƺŷĝȯɜĞƴʔw~_ 
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FY7507 h- YGRCa 
ED0665 h– ade6-M210 leu1-32 ura4-D18 ATCC No. 96993 
ED0668 h+ ade6-M216 leu1-32 ura4-D18 ATCC No. 96994 
HT02 h– leu1-32 ura4-D18 mag1::ura4+ mag2::ura4+ Kanamitsu et al. 2007 
TS01 h– ade6-M210 leu1-32 ura4-D18 nth1::ura4+ Sugimoto et al. 2005 
AY01 h– ade6-M210 leu1-32 ura4-D18 apn2::ura4+ Sugimoto et al. 2005 
KK01 h– ade6-M210 leu1-32 ura4-D18 rad16::kanMX6 Kanamitsu et al. 2007 
KK04 h- leu1-32 ura4-D18 rad16::kanMX6 mag1::ura4+ 
mag2::ura4+ 
Kanamitsu et al. 2007 
AM01 h– leu1-32 ura4-D18 nth1::ura4+ rad16::kanMX6 Kanamitsu & Ikeda 2011 
AM02 h– leu1-32 ura4-D18 apn2::ura4+ rad16::kanMX6 Kanamitsu & Ikeda 2011 
AY02 h– ade6-M210 leu1-32 ura4-D18 uve1::ura4+ Tanihigashi et al. 2006 
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Ų C2 DNAĚǏ̳ʷȲǴȡ CLS 
 WT BER̳ʷͥnth1ͦ NER̳ʷͥrad16ͦŎɮlö̶ȲǴȡ




Ų C3 DNAĚǏ̳ʷȲǴȡŻ͟î pH¯â²ç¶ƇŇ 
 WT^nth1∆^rad16∆l nth1∆/rad16∆Ż͟ɓî pHͥAͦ¯â²
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Ų C5 ŻŶ̩i CLSǈ͗ 
 WTlŜȲǴȡ SD 3xŻŶlr CLSɚƛw~_A) WT n^th1∆^
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Ų C6 BER NERȲǴ CLSǈ͗ 
 WT r^ad16∆lʝ` BER̳ʷȲǴȡŎɮl rad16∆ö̶Ȳ
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_ĳ˭̳ȼ ?F& ʳ
=4 ɴɭ & ^Ȓʐʟli ?F& ĩ̭ĆƕªÊçoj  ʝ͝
̾i³¤·ͥ$  $Ͳʳ 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 #+ͥ ´Â®äÙ 5©¬´½ç¹ 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vi͛źnŢ_$  #+ ,(3E7 ³ÐÞÅ¿Â²çÃ͛źn
Ų C7 ƛƸȎlr nth1∆/rad16∆ ROS˧ʞ 
 WT nth1∆/rad16∆ƤǻƃȹȎͥ1ȁʆͦƛƸȎͥ3ȁʆͦlr
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áÕÏàÍåħƃǞĽ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'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~_wmw^Ñà¤×ç$  $ ǴĢɚƛw~ʽș^-. ɧƦ̸ȾĒw
& ǴĢ̸nƃŁw^-."
5? =4 ǆ~ǴĢ̸n gªǤ~
Ų C8 ĳ˭̳ȼ mtDNAǴĢɚƛɷÑà¤×ç 
 mtDNAǴĢ qPCRƛ̸y~^3ʝ͝Ñà¤×çƤ˽˹
w~_ 
  L-AͥFwͦͲ5’-CCCAAGGTGTTGTGCAATTAGTGTTAAGTCG-3’ 
  L-AͥRvͦͲ5’-ACTCGAACCAACACGCTCGAAAGCG-3’ 
  L-BͥFwͦͲ5’-GCTTTCGAGCGTGTTGGTTCGAGTC-3’ 
  L-BͥRvͦͲ5’-CGACTTAACACTAATTGCACAACACCTTGGG-3’ 
  SͥFwͦͲ5’-GAAGGAGGAATTGCGAGTAATCAC-3’ 
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 ȳ^Ȓʐʟ ?F& rp±ÈÙ & ǴĢ̸ C(* ɚƛyȕĄȧ
˺w~^|~^35F Ţʳ =4 ͛źƃƹoÑà¤×ç˽˹w
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& ̻Ÿ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ʂĊˍÊåÃn˳~ͥ Ų  _ͦ~^̻ Ÿ & ̸Ƈk (* ˫~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 æ' j *'+ ¼åË®̎ & ɵČ͢ĳƕǴĢǃo̐ty_& 
̴ŇǴĢ ( ³¤Â̼ĴǿƉȭƁżǴĢnɵx_±ÈÙ & ǴĢ
Ų C9 DNAǴĢȧĲ~ qPCRƛ̸Ǚ 
 qPCR±ÈÙ DNAǴĢɚƛy~Ñà¤×çƤ˽˹w~_
A) ˽ƛw~Ñà¤×çɷi PCR˫i P^CRɶɫ 10 ML 0.7%¢«ä
ç¶±â͑ȿɋņw~_B) ̻Ÿ DNA̸ 0.125 ngg1 ngƇŇv{
PCR˫i P^CRɶɫ 10 ML¢«äç¶±â͑ȿɋņw~_|ǋ I^mageJ
Áå´ÂÚÂáç˫i^̻Ÿ DNA̸ƃƹv~ PCRɶɫ́Ė
ʔw~_ 
y = 33247x + 1684.9 
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& ǴĢƇɻ˧ʞȢ & ǿɪŇ̣́w~ɬɻʂʹ˗ȷÚªÅ·
ÙɍǙŇř˘Ǚnˑk_

ͫ]ͮͨªäáçĻ͇ȕĄê & ĚǏȲǴȡ $+ Ĉ̾
Ų C10 ƛƸȎlr DNAĚǏȲǴȡ DNAǴĢ 
 WT nth1∆/rad16∆ DNAʼȇʂǧĲw^¢«äç¶±â͑ȿɋņ
˫i^DNAǿɪŇ˶Ƣw~_DNA×çªçͥMͦSHind IIIɷ
i~_ 
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ˤȡɻ¯â²ç¶ɢƾͥ	gͦŢ 1+J ŻŶŻ͟w~_ƛƸȎl
r "'\%\ɵƗɱƇŇ^ŻŶî¯â²ç¶ɢƾ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Ų C11 qPCR DNAǴĢɚƛ 
 WT nth1∆/rad16∆±ÈÙ DNAͥAͦlØÂ²åÃá¢ DNAͥBͦ




































Ų C12 ƛƸȎlr DNAĚǏȲǴȡ¼åË®̎ 
 WT nth1∆/rad16∆¼åË®̎ȓǾȀɉǌʼȇʂǧĲw^
SDS-PAGE˫~_ÑäÀ¤å×çªçͥMͦşȇɋņw~_ 
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Ų C14 nth1∆/rad16∆ CLSl ROSʀɵªäáçĻ͇ǈ͗ 
 A) 0.3g5%¯â²ç¶Ţ YES 3xŻŶ nth1∆/rad16∆ CLSɚƛ
w~_2ȁʆ 5ȁʆɵƗɱɚƛw^2ȁʆ 100%w~ȇ 5ȁʆɵƗɱ
ʔw~_WT 3%¯â²ç¶Ţ YES 3xŻŶɵƗɱʒ˅ʔw~_ŜŻ͟
ȁǻlrˤɓ´Üçã 3ȘȦˤw ²^äÅçǻ˹ɚw~_ɵƗɱƺŷĝ
ȯɜĞƴʔw~_ B C) Ŝɢƾ¯â²ç¶Ţ YES 3xŻŶî 3ȁ̀Ż͟
w^DHR123l DHEȜˢw^ROSʀɵ˪ħ˶Ƣw~_Ⱦ̔w
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˳Ĳw~_
 tjȒʐʟːŇcÏáçàµªẫdc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